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Graphic abstract
Polymer hydrogels were studied as a draw agent for forward osmosis (FO) desalination owing to their stimuli responsive properties. The incorporation of carbon particles, hydrogel particle size, feed salt concentration and membrane type were shown to have significant effects on FO water flux. 
35
A suitable draw agent is essential for successful operation of the FO process, and there are 36 several criteria defined for selecting a draw agent (Cath et al. 2006; Zhao et al. 2012 ). Firstly, 37 draw agents should possess a high osmotic pressure, which is much greater than the osmotic 38 pressure of the feed water. Secondly, following the FO process, the diluted draw agent should 39 be able to be effectively and easily separated from the water product. Other factors, such as 40 low cost, non-remnant toxicity, good stability and no damage to the semi-permeable 41 membrane, should also be considered when selecting a suitable draw agent (Zhao et al. 2012 ).
42
In the last decade, there have been a large number of studies focusing on the development of 2011a). Our study shows that the use of heating can also greatly enhance the separation 58 between polyelectrolyte and water product in the filtration process (Li et al. 2011a ).
59
In our previous study, the feasibility of using polymer hydrogels as draw agents in FO Geuskens 2001). In particular, the presence and dissociation of ionic species within polymer 65 hydrogels induces the hydrogels to swell and develop a higher internal osmotic pressure.
66
Importantly polymer hydrogels can undergo a reversible swelling change in response to 67 external environmental stimuli, such as pH, temperature, electric field, mechanical stress,
68
antibodies and so on (Dai et al. 2009 ). Therefore, in our newly developed hydrogel-drawn FO 
80
The objective of the present work is to investigate the effects of the incorporation of carbon 81 particles, the particle sizes of hydrogel draw agents, feed water concentration and membrane 
Material and Methods
89
The carbon particles were synthesized by the low-temperature hydrothermal carbonization initiator. The prepared pure or composite polymer hydrogels were taken out from the bottles, 104 cut into small pieces, and immersed in DI water at 25 °C for 3 days. Afterwards, the 105 hydrogels were then dried at 50 °C under vacuum and finally fractioned into small particles.
106
The pure and composite polymer gel particles were sieved into different sizes, 500 µm ̶ 700 107 µm and 100 µm ̶ 200 µm, respectively. The corresponding pure polymer hydrogel powder 108 samples were denoted as PSA-600 and PSA-150, respectively. The symbols of composite 109 polymer hydrogel powder samples were assigned on the basis of molar ratios of carbon / 110 monomer and particle sizes of composite hydrogel powders, as summarized in Table 1. 111 Table 1 The composition of polymer hydrogels studied in this paper. Optical microscopy images were taken with a B×51M Olympus optical microscope and SEM
114
images were taken with a JSM-7001F microscope (JEOL) at an accelerating voltage of 5 kV.
115
The water uptake of different polymer hydrogels was determined as follows: 0.3 g of Pure polymer and composite polymer hydrogels were tested as the draw agents. The FO where V is the volume of water permeated through the membrane (L), which is based on the 138 mass increase of the swollen gel measured over a given period of time in the FO process, t (h);
139
A is the effective area of FO membrane (m 2 ) (1.77 × 10 -4 m 2 ) used in the permeation cell. 
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The improved fluxes in the FO process by using composite polymer hydrogels can be 189 attributed to the enhancement in swelling (osmotic) pressures arising from the addition of 190 hydrophilic carbon microparticles. As mentioned above (Fig. 3) , we have shown that the 
Effect of hydrogel particle size
219
To study the effect of particle size of the hydrogel on FO desalination, pure polymer 220 hydrogels and composite hydrogel particles of different sizes were examined. is used as the draw agent, the flux after 1 h FO is around 57.4% higher than that using PSA-
234
C-600 with sizes ranging from 500 µm to 700 µm. The similar tendency is also observed in 
282
This is significantly smaller than that of the AG-RO membrane. The AG-RO membrane 283 polyester and polysufone supports are also more hydrophobic, resulting in poor wettability.
284
All of these characteristics of the AG-RO membrane may contribute to higher internal 
293
This can be seen from the effect of particle size on the flux, where decreasing the particle 294 sizes led to larger areas of contact, and thus a higher water flux. Reducing particle sizes from 295 micro to nano-scale is expected to result in a further improvement in water flux. Furthermore,
296
the chemical structures and crosslinking density, and microstructure (porosity) of hydrogels
297
can be tailored to improve their swelling pressure and kinetics, leading to higher water fluxes.
298
In addition, new FO membranes supported on substrates with high-porosity, narrow pore size 
Conclusions
308
We have investigated the influences of draw agent, feed solution and membrane in forward from 100 µm to 200 µm was used, the flux observed in the FO process after 1 h was 1.06 318 LMH, which was around 57.4% higher than that using PSA-C-600 sized from 500 µm to 700 
